California State University, San Bernardino

CSUSB ScholarWorks
Electronic Theses, Projects, and Dissertations

Office of Graduate Studies

9-2014

ECONOMIC GEOLOGY OF THE SAN BERNARDINO MOUNTAINS,
CALIFORNIA
Nicolette Deannah Grill
California State University - San Bernardino

Follow this and additional works at: https://scholarworks.lib.csusb.edu/etd
Part of the Geochemistry Commons, Geology Commons, Natural Resource Economics Commons, and
the Sedimentology Commons

Recommended Citation
Grill, Nicolette Deannah, "ECONOMIC GEOLOGY OF THE SAN BERNARDINO MOUNTAINS, CALIFORNIA"
(2014). Electronic Theses, Projects, and Dissertations. 102.
https://scholarworks.lib.csusb.edu/etd/102

This Thesis is brought to you for free and open access by the Office of Graduate Studies at CSUSB ScholarWorks. It
has been accepted for inclusion in Electronic Theses, Projects, and Dissertations by an authorized administrator of
CSUSB ScholarWorks. For more information, please contact scholarworks@csusb.edu.

ECONOMIC GEOLOGY OF THE
SAN BERNARDINO MOUNTAINS, CALIFORNIA
______________________

A Thesis
Presented to the
Faculty of
California State University,
San Bernardino
______________________

In Partial Fulfillment
of the Requirements for the Degree
Master of Science
in
Earth and Environmental Sciences:
Geology
______________________

by
Nicolette Deannah Grill
September 2014

ECONOMIC GEOLOGY OF THE
SAN BERNARDINO MOUNTAINS, CALIFORNIA
______________________

A Thesis
Presented to the
Faculty of
California State University,
San Bernardino
______________________

by
Nicolette Deannah Grill
September 2014
Approved by:

Erik Melchiorre, Committee Chair, Geology
Sally McGill, Committee Member
Dinah O. Shumway, Committee Member

©2014 Nicolette Deannah Grill

ABSTRACT
The San Bernardino Mountains are well known for their rich mining
history, especially, gold in the mid-1800s and the current mining of one of the
world’s largest deposits of high purity limestone. The purpose of this study was to
compile new, current, and historical data of the major economic resources that
are present and mining that has gone on in the San Bernardino Mountains. It is
estimated that historical mining of the Holcomb Valley recovered $457,660,000 of
gold or about 350,000 troy ounces based on samples collected for this study and
2013 gold price. The current major geologic resource is the limestone deposits
on the north slope of the San Bernardino Mountains. Presently, there are three
operators: Omya, Specialty Minerals, and Mitsubishi Cement.
The San Bernardino Mountains are well known for skarn gold deposits.
New work indicates that the placer gold from Holcomb Valley is often of very high
purity. Placer gold samples were analyzed using the scanning electron
microscope and energy dispersive x-ray spectra to determine the purity of the
gold. Rim and core analysis of the placer gold was used to determine if the gold
was transported from its source and to give an estimate of transportation
distance. Results show some of the placer gold of Holcomb Valley has been
rounded and flattened by weathering and transportation with increased gold
purity in the rims while other gold grains still sustain their octahedral crystalline
structure. Rims range in gold purity from 84.26% to 100%, with core gold purity
ranging from 79.51% to 99.79%.
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Gold samples were weighed, photographed, measured, and classified by
shape, angularity and texture, to assess the effects of transportation. Gold
weights where used to calculate an economic value of gold. Geographic
Information Systems “GIS” was used to visually display geology, historical and
current mine locations, locations of samples used in this study, and to help
calculate the volume of the Holcomb Valley TsE rock unit, which is where the
placer gold is deposited. Sediment sample 15 from TsE had the lowest gold value
of .002 ounces per cubic yard. This value is inferred to represent the amount of
gold remaining after mining. Based on this assumption and the estimated volume
of TsE at 50,027,000 cubic yards, the estimated total weight of gold remaining in
the deposit is about 100,000 troy ounces, with a dollar value of about
$130,760,000, using gold values for 2013. Sample 17 had the highest gold value,
with .014 ounces per cubic yard. This is inferred to represent the concentration of
placer gold deposits within parts of Holcomb Valley that have never been mined.
This yields a total weight of the deposit of roughly 700,000 troy ounces, with an
estimated value of $915,320,000 using gold prices for 2013. The gold values
were calculated using November 7, 2013 gold spot price of $1,307.60.
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CHAPTER ONE
INTRODUCTION

Purpose
The purpose of this study was to compile new, current, and historical data
of the major economic resources that are present and mining that has gone on in
the San Bernardino Mountains. This thesis will also try and answer the following
research questions: What is the current economic value of gold in Holcomb
Valley if it were to be mined today? What is the economic value of the limestone
currently being mined? Which commodity has a higher economic value, gold or
limestone? What are the origins of gold from Holcomb Valley? Is Holcomb Valley
gold uniform in shape and roundness, or are there indications of different
transport times? Does Holcomb Valley gold have high purity gold rims compared
to its core, which would be an indicator of transport or weathering?

Background
The San Bernardino Mountains are located in San Bernardino County,
California. They cover an area of 2,063 square miles (5343 km2) and are sixty
miles long by forty-one miles wide (155 by 106 km). Most of the San Bernardino
Mountains are part of the San Bernardino National Forest. The San Bernardino
Mountains are bordered by the San Gabriel Mountains to the west, the San
Bernardino Valley and San Jacinto Mountains to the south, the Little San
1

Bernardino Mountains to the east, and the Mojave Desert to the north. The tallest
peak in the San Bernardino Mountains is San Gorgonio, at 11,489 feet (3502
meters) above sea level.
The San Bernardino Mountains have a rich history of economic mineral
resources, from the gold rush of Holcomb Valley in the 1860’s to the current
commercial limestone mining operations. The gold of Holcomb Valley has never
been geochemically analyzed to determine rim to core purity. High rim purity,
called depletion guilding, is interpreted as an indicator of significant weathering or
gold transportation distance. The economic gold value of Holcomb Valley has
never been calculated or studied using samples collected in the field and
Geographic Information Systems (GIS) to determine economic gold values of
past, present and future mining potential. The San Bernardino Mountains also
have other mineral deposits of silver, graphite, uranium, sand and gravel. These
deposits need further research, but will not be discussed further in this paper.

Regional Geology of the San Bernardino Mountains,
Transverse Ranges
The San Bernardino Mountains are part of the Transverse Ranges
geomorphic province. This name is derived from the fact that these ranges are
transverse or crosswise, to nearly all of California’s other mountains and valleys.
The Transverse Ranges (Figure 1) include: Santa Ynez Mountains, San Rafael
Mountains, Sierra Madre Mountains, Topatopa Mountains, Santa Susana
Mountains, Simi Hills, Chalk Hills, Santa Monica Mountains, San Rafael Hills,
2

Puente Hills, San Jose Hills, Little San Bernardino Mountains, Tehachapi
Mountains, Sierra Pelona, San Emigdio Mountains, San Gabriel Mountains, and
San Bernardino Mountains (Ingram, 2002).
The Transverse Ranges have been pushed up as a result of compression
along an anomalously oriented section of the San Andreas Fault between the
intersection of the San Andreas Fault with the Garlock and Pinto Mountain faults.
The Pacific and North American Plates converge along this section of the fault,
which is oriented more westerly than the relative motion between the two plates.
This 120-kilometer bend in the fault segment is referred to as the Big Bend
(Harden, 2004). The western Transverse Ranges (Santa Monica Mountains and
Channel Islands) have been rotated 35° in a clockwise direction during the
Miocene due to the right-lateral motion across the plate boundary (Luyendyk et
al., 1985). The Transverse Ranges are still being uplifted and are one of the
earth’s most quickly uplifting areas, rising at a rate of five to twenty millimeters
per year (City of Santa Monica, 2002). Major uplift has occurred during
earthquakes, such as the 1971 San Fernando earthquake, during which the
Santa Susana Mountains where uplifted two meters, and again rose another
seventy centimeters during the 1994 Northridge earthquake (Harden, 2004).
The San Bernardino Mountains have a wide range of geological units of
Precambrian to recent age and are similar to the rocks in the surrounding Mojave
Desert area. Major geologic units in the San Bernardino Mountains consists of
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Proterozoic Baldwin Gneiss, Saragossa Quartzite, Furnace Limestone, Mesozoic
granitic plutons and Tertiary continental sedimentary rock.
The Baldwin Gneiss unit contains coarse-, medium-, and fine-grained,
comprised of quartz, plagioclase (andesine), potassic feldspar (microcline and
orthoclase), quartz, biotite, hornblende or muscovite; slightly to highly laminated;
commonly with undulating laminae, in places contorted (Dibblee, 1964).
The Saragossa Quartzite has an average thickness of 488 meters
(1,600 feet) and is primarily quartzite, but includes some schist and phylite.
Vaughan (1922) named the Saragossa Quartzite after Saragossa Spring on Gold
Mountain where this sequence is exposed. The Saragossa Quartzite also
includes the Arrastre Quartzite, which is exposed in Arrastre Creek area; the
sequence has a thickness of at least 457 meters (1,500 feet). This unit
unconformably covers gneissic rocks; is covered by Furnace Limestone; and
intruded by quartz monzonite (Dibblee, 1964). The Saragossa Quartzite has the
following facies units, which include: quartzite, phyllite, gneissic quartzite, schist,
and marble.
The Furnace Limestone also named by Vaughan (1922) after Furnace
Canyon where 914 meters (3,000 feet) of the Furnace Limestone is exposed. It
also has 1524 meters (5,000 feet) exposure in Cushenbury Canyon (Dibblee,
1964). Furnace Limestone is typically marbleized carbonate rocks that vary from
dolomite to limestone, which can only be differentiated by acid test (Richmond,
1960). On Delmar Mountain and near Johnson Grade, this unit is conformable on
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Saragossa Quartzite, and in other areas is intruded by igneous rocks. Dark-gray
carbonate rocks north of Holcomb Valley contain bryozoans, crinoid fragments,
Caninia sp. (coral), Eumetria cf. altirostris White, Dictyoclostus sp., and Spirifer
cf. centronatus (brachiopods) thought to be of Mississippian age (Richmond,
1960).
Some of the other facies units that are included within the Furnace
Limestone are: the Bird Springs Formation (Pennsylvanian-Permian) a basal
member of quartzite, Siltstone, and impure limestone (Matti, 2000), the Sultan
Limestone Crystal Pass Member (Devonian) a commonly white limestone, and
the Monte Cristo Limestone Bullion Member (Mississippian) which is a white
limestone. There are other rock units not mentioned, which include white
carbonate rocks, gray carbonate rocks, phyllite and quartzite (Dibblee, 1964).
The Mesozoic plutonic and hypabyssal igneous rocks consist of granitic
rocks, primarily of quartz monzonite composition. However others range in
composition from granite to granodiorite, and range in age from Late Jurassic to
Early Cretaceous. The main units are comprised of Aplitic quartz monzonite,
granite and quartz monzonite, migmatized quartz monzonite, and hornblende
quartz monzonite (Guillou, 1953).
Tertiary continental sedimentary rocks of the San Bernardino Mountains
are comprised of Old Woman Sandstone, and Pliocene basalt. The Old Woman
Sandstone consists primarily of arkosic sandstone, minor amounts of interbedded conglomerate and siltstone. In order of greatest abundance the
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conglomerate consists of “rounded cobbles and pebbles of preTertiary(?)
porphyritic and felsitic rocks, granitic rocks, quartzite, gneiss, quarts, Tertiary
andesite and basalt, and (rarely) Furnace Limestone, in light gray-brown
sandstone matrix” (Dibblee, 1964). Basalt is nonvesicular, massive, hard, and
consists of disseminated asymmetrical grains of olivine and a limited amount of
small phenocrysts of plagioclase in microcrystalline groundmass. The basalt
does not exceed a thickness of twenty-one meters (seventy feet) and has been
partially extruded from a vent at Negro Butte (Dibblee, 1964).
Within the region of the San Bernardino Mountains there are three major
facies, which are cratonal, miogeoclinal, and deep-water marine strata (Brown,
1987).
The placer gold of Holcomb Valley originates from skarn gold lode
deposits. This relationship can be seen on the mineral and ore deposits of gold
and limestone of the San Bernardino Mountains map (Appendix D). The lode
gold deposits are located at or near the contact between the granitic magmatic
intrusions of monzogranite into the limestone unit. Detrital gold is sporadically
spread through gravels of both recent and older alluvium (Dibblee, 1964), and
was broadly and profitably mined from many shallow excavations for several
years after first discovery in 1860 (Gray, 1960).

6

Figure 1. Map of regional geology.
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Source: Adapted from Miller, K. Fred, Matti, C. Jonathan, Brown, J. Howard,
Powell, E. Powell, Cossette, P.M., and Morton, Gregory. Geologic Map Of The
Fawnskin

7.5’

Quadrangle,

San

Bernardino

County,

California,

http://wrgis.wr.usgs.gov/open-file/of98-579/fskn_map.pdf (Accessed Nov. 18,
2012)
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Geologic Timeline of the San Bernardino Mountains
Rocks in California are generally younger than 600 million years old, but
there are a few areas with rocks older than 600 million years, which are found in
the Southern Panamint Range, Nopah Range near Death Valley, San Gabriel
Mountains, San Bernardino Mountains, and some of the ranges of the Mojave
Desert (Harden, 2004).
The oldest geologic units found in the San Bernardino Mountains are
Proterozoic Baldwin Gneiss, Saragossa Quartzite, and Furnace Limestone, with
an age of more than 1.5 billion years (Matti, 2000). Plutonic rocks with a
minimum age of 1,750±15 billion years have intruded the older gneissose rocks
(Silver, 1971). The basement rock of the San Bernardino Mountains consists of
these gneiss, schist, marble, and quartzite units, which originated as Paleozoic
and late Proterozoic marine sediments that were metamorphosed during later
deep burial, and have been folded and faulted.
It is thought that 1.2 billion years ago, North America was the core of
Rodinia, which was an ancient super continent, formed by the accretion of
smaller continental fragments. Geologists used rock sequences and ages to infer
that the west coast of North America was next to Australia and Antarctica
(Harden, 2004). Sediments were then deposited on the crystalline basement rock
of Rodinia about 900 million years ago. Rodinia began to break up about 700 to
800 million years ago, creating rifts within the continent where sediment collected
along the western margin of North America due to the continental edge sinking
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and creating a shallow marine (continental shelf) environment, known as a
miogeocline. The earliest sediments deposited on this continental shelf were
sandstone layers, which have since been metamorphosed into the Saragossa
quartzite. Individual units within the Saragossa quartzite have been correlated
with Stirling Quartzite, Zabriskie Quartzite and Wood Canyon formation in the
Basin and Range province (Stewart and Poole, 1975).
A stable continental shelf continued during the Paleozoic and for about
350 million years it accumulated a carbonate platform thousands of meters thick.
In the San Bernardino Mountains, these carbonate rocks were originally known
as the Furnace limestone (Vaughan, 1922), but have since been correlated with
the Carrara formation, Bonanza formation, and rocks in Devonian and
Carboniferous units in the southern region of the Basin and Range Provence
(Cameron 1981).
Plate collision and mountain building occurred along the west coast of
North America during the Devonian Antler orogeny and during the Permian
Sonoma orogeny causing the Paleozoic rocks to be folded and faulted. These
orogenies, as well as the late Jurassic Nevadan orogeny, occurred when island
arcs accreted along the north-south trending subduction zone developed along
western North America. After the Nevadan orogeny, Andean-type subduction
continued until the Farallon Plate was completely subducted around 27 million
years ago, causing the Pacific and North American Plates to come into contact
with each other, creating the San Andreas transform boundary (Harden, 2004).
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Subduction of the Farallon Plate continued to the north and south of the
transform boundary where the Juan de Fuca and Cocos plates, respectively, are
presently subducting.
The San Andreas system is a right-lateral fault and has moved large
blocks as much as 315 kilometers. Approximately five million years ago the plate
boundary shifted inland, causing the Gulf of California to open and the Baja
California peninsula to split off from mainland Mexico, becoming part of the
Pacific Plate. This inland jump of the plate boundary may also have created the
Big Bend segment of the San Andreas Fault (Harden, 2004).

Mineral Deposits
The mineral resources of the San Bernardino Mountains are many and
include both industrial minerals and metals. The industrial minerals include
limestone, graphite, silica, sand and gravel. The metallic minerals include gold,
silver, uranium and thorium. This report focuses on the two major economic
mineral resources of the San Bernardino Mountains: calcium carbonate and gold.

Calcium Carbonate Resources
The San Bernardino Mountains host the largest modern mining
operations and reserves of high-brightness, high-grade, high-purity calcite
limestone and cement-grade limestone in western North America (Brown, 1987).
Approximately 2-million tons of high brightness calcite limestone per year and 6-
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million tons of cement-grade limestone per year are produced. The mining
company Omya is currently expanding its two quarries; Sentinal and Butterfield,
both quarries combined will have an average ore production rate of 680,000 tons
per year, depending on market demand (Federal Register, 2013). It is estimated
that the Marble Canyon deposit being mined by Specialty Minerals will produce
23,000,000 tons of ore and roughly 9,000,000 tons of low-grade material and
overburden over the lifetime of the quarry (Taylor, 1994).
These high purity crystalline limestone deposits of the San Bernardino
Mountains occur in the upper Paleozoic miogeoclinal limestone formations. The
Paleozoic carbonate covers about forty kilometers on the North Slope of the San
Bernardino Mountains and is approximately 1500 meters thick.
Carbonates are one of the most common rocks globally, but natural high
brightness is rare. These deposits of natural high brightness (white), high purity
limestone deposits are rare because their creation relies on the superposition of
several geologic processes needed to produce such a deposit. These high
calcium white crystalline limestones are very different from common limestone.
To remain consistent with the literature and industry convention, this thesis will
refer to the high purity carbonates of the San Bernardino Mountains as high
brightness/high purity limestone.
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The following geologic processes are necessary to produce high
brightness/high purity limestone (Brown, 1994):
1) Relatively pure limestone is deposited in a high energy agitated,
shallow marine environment. The high-energy environment of
deposition determines the shape, size, purity (high calcium content,
CaCO3 >95%), and other economically important features of the
carbonate deposit.
2) Metamorphism and/or magmatic processes after deposition remove
any impurities, bleach and recrystallize the rock.
3) After deposition and metamorphism geologic processes determine the
favorability of placement for development.
The San Bernardino Mountains had all of these essential geologic
processes to produce high brightness, and high purity limestone. The units that
represent these important environments of deposition and metamorphism in the
San Bernardino Mountains are the: which include parts of the Bird Springs
Formation (Pennsylvanian-Permian), Sultan Limestone Crystal Pass Member
(Devonian), and Monte Cristo Limestone Bullion Member (Mississippian),
(Brown, 1991). Paleozoic rocks in the San Bernardino Mountains have been
exposed to regional and or contact metamorphism (Brown, 1994). The limestone
deposits have been intruded by Mesozoic granites and have undergone complex
folding and faulting, with a multifaceted deformational history. The uplifting of the

13

San Bernardino Mountains is relatively young (Plio-Pleistocene), creating
extensive roof pendants of high purity limestone (May and Repenning, 1982).
For a high purity limestone to qualify to be used for extenders and white
fillers it must have a minimum of 98% CaCO3 and a maximum of 2% combined
MgCO3, SiO2, and all other impurities combined. Tint values are normally below
2.0. Brightness requirements vary from low 90’s to greater than 95 (Brown,
1991).

Current Mining Operations
In the San Bernardino Mountains there are several large open pit quarries
in operation, mining limestone/calcite/marble and there are large reserves of
carbonate which are currently in the permitting process for proposed extraction.
Currently, there are three operators: Omya (formerly Pluess Stauffer), Specialty
Minerals (formerly Pfizer), and Mitsubishi Cement. These three companies
produce a total of approximately 2-million tons of high brightness calcite
limestone per year and 6-million tons of cement-grade limestone per year.
Specialty Minerals, Inc. is the largest producer of high-brightness limestone
products in the San Bernardino Mountains and one of the largest producers in
the world. The Lucerne Valley operation of Specialty Minerals, Inc. has been in
continuous production for the last seventy years (Taylor, 1994).
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Limestone has many uses as white pigment fillers and extenders such as
in: paint, wire coating, food additives, flooring, fiberglass, PVC pipe,
pharmaceuticals, and many other applications.

History of Mitsubishi Mine, Lucerne Valley
The Mitsubishi Mine is located in the northeastern part of the San
Bernardino Mountains (Figure 2). In 1947, Mineral Materials Company, a
subsidiary of A.S. Vinnell started mining the Cushenbury limestone quarry for
white pigment filler-extender. In 1950, Kaiser Steel purchased Mineral Materials
limestone operations, used the metallurgical limestone for steel flux at their
Fontana, California steel mill. In 1980, Mitsubishi purchased Kaiser’s Cement
quarry (Fife, 2012). “Mitsubishi quarries are located within the upper and middle
members of the Bird Spring Formation composed principally of medium-to thickbedded, interstratified white to gray mottled marble and limestone marble. Both
these members contain lenses and thin layers of quartz silt and fine sand and
phyllite” (Taylor, 1994).

History of Omya Mine, Lucerne Valley
In the early 1970’s, La Habra Products started mining the Sentinel deposit.
Later in the 1970’s, Pluess-Stauffer (California), Inc. acquired mining operations
along the Northern area of the San Bernardino Mountains and the processing
plant at the bottom of the mountains, in Lucerne Valley (Figure 2). The plant was
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rebuilt, plans for future expansion of quarries and mining exploration were made,
and successfully executed by discovering several new deposits with adequate
reserves of over twenty-five years (Brown, 1994). Pluess-Stauffer conducted
core drilling on the White Knob deposit, after discovering at least thirty-years of
recoverable reserves; mining of the White Knob deposit began in 1988. The
majority of ore is mined from the Sentinel Quarry, the White Knob Quarry, and
the Butterfield Quarry.
Currently, Omya is in the permitting stages to expand the Sentinel Quarry,
disturbing 48.7 acres and the Butterfield Quarry, disturbing 28.8 acres, located
on mining claims in the San Bernardino National Forest. The Sentinel Quarry will
have an additional twenty-years life added and the Butterfield Quarry will have an
additional forty-years life added. Both quarries will be allowed to continue mining
until 2055. Both quarries combined, will have an average ore production rate of
680,000 tons per year, depending on market demand. This proposed mining
average is almost doubled compared to the three-year average between 20042006 of approximately 378,000 tons per year (Federal Register, 2013).

History of Specialty Minerals Mine, Lucerne Valley
Specialty Minerals Inc. (formerly Pfizer, Inc.) Lucerne Valley operations
started mining in the 1960’s and have been in continuous operation producing
high-brightness limestone. Throughout the 1960’s and 1970’s ore was produced
from quarries in Furnace Canyon, which consisted of intricately folded, faulted,

16

and overturned Crystal Pass Member of the Devonian Sultan Limestone, that has
been metamorphosed to a medium grained white calcite marble. The Marble
Canyon quarry has been in production since 1972. The orebody is a medium
grained, white calcite marble of the Bullion Member of the Mississippian Monte
Cristo Limestone. It is estimated that this quarry will produce 23,000,000 tons of
ore and roughly 9,000,000 tons of low-grade material and overburden (Taylor,
1994).

Figure 2. Map of the northern San Bernardino Mountains and Lucerne Valley
showing limestone quarries and producers discussed in text. Source: Adapted
from Brown, H.J., 1994, Geology, Genesis, and Mining of High Brightness, High
Purity Limestone Deposits At Pluess-Staufer (California) Inc. Lucerne Valley
California Operation, Littleton: Society for Mining, Metallurgy, and Exploration,
Inc. (Accessed March. 3, 2014)
17

History of Metal Production in the San Bernardino
Mountains
The metallic mineral resources of the San Bernardino Mountains are many
and include gold, silver, uranium and thorium. There were many other historically
producing gold mines and prospects in the San Bernardino Mountains which also
include: The Rose Mine, the Altura (Altuna) mine, the Doble, Wright, Green Lead,
and Ozier mines to name a few. This report focuses on gold from two areas of
the San Bernardino Mountains: Holcomb Valley and Blackhawk Canyon. Gold
from Holcomb Valley and the Blackhawk was chosen for this project because
both where historically large gold producing areas and both had different origins,
analysis of gold samples was to contrast the Blackhawk gold samples to the
Holcomb Valley gold samples to possibly highlight the origins of gold particles
from Holcomb Valley.
The samples for this project were collected from the Holcomb Valley
Formation (TsE) this is a sedimentary (Miocene?) unit, which consist of “ Clayrich conglomerate. Matrix of rock generally greater than 50 percent, consisting of
silt, sand, and angular to round pebbles in clay submatrix. Clay makes up about
25 to 100 percent of rock matrix. Almost all large clasts are angular to
subrounded white quartzite ranging from boulder to cobble size. Attains 2.5 YR to
10 R hues locally” (Miller, 1998).
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History of Holcomb Valley
Holcomb Valley is located in the San Bernardino Mountains, five miles
north of Big Bear Lake (Figure 3). It is the site of the largest placer gold strike in
Southern California. Gold was first discovered by William Francis Holcomb, also
known as “Uncle Billy Holcomb” in May of 1860 (Robinson, 1977). Holcomb was
hunting for bear and discovered the valley from the west ridge of Bertha peak.
Holcomb killed two of the four bears he was tracking, and returned to the valley
the next day to pick up the bears he had shot. Holcomb brought a few
prospectors with him to see the new valley and retrieved the bears, bringing them
back on mules. They entered the valley through what is now known as Van
Dusen Canyon (Robinson, 1977).
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A few days later, Holcomb decided he would prospect for gold in the new
valley along with Ben Choteau, a Cherokee Indian. While they were in the valley,
Holcomb saw a grizzly bear, which he shot and wounded. It got dark while they
were tracking the wounded bear and they camped in the valley. The next
morning, they continued tracking the wounded bear and discovered an outcrop of
quartz, but they continued following the bear. The bear got away, so they went
back to the outcrop and discovered gold within the quartz. Holcomb and Choteau
collected some dirt samples below the quartz outcrop and took them back to
camp. They dug a hole to pan out their samples and decided to also pan the dirt
from the hole because it looked like gold bearing material. The dirt from the hole
was what Holcomb would call, “A good prospect” and the samples from below
the quartz were, “A very good prospect”(Robinson, 1977). Holcomb talked about
his discovery twenty-eight years later on April 30, 1888 at a San Bernardino
Society of California Pioneers meeting, which was transcribed as a record of the
events (Robinson, 1977).
Other prospectors moved in quickly after Holcomb’s discovery. A month
after the discovery there were reports of over three hundred men at work. Two
months later, there were reports of four to five hundred men prospecting for gold.
By September 1860, there were over one thousand men working in Holcomb
Valley (Robinson, 1977).
The town of Bellville sprang up to the east of where the gold was first
discovered. Bellville was named after Belle Van Dusen, the first child born in
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Holcomb Valley. She was the daughter of Ted Van Dusen, the town blacksmith.
Bellville grew to a population of 10,000 becoming the largest town in San
Bernardino County and nearly became the county seat. Prospectors were
recovering $5 to $10 of gold per man per day, and Sydney Waite had ten
prospectors who were averaging three pounds of gold per day (based upon
$20.67 gold; Robinson, 1977). It was reported by the Daily Alta California (Figure
4), published in San Francisco (Aug. 27, 1860), “These mines have become a
fixed fact, and need no puffing from any quarter… We know it to be a fact that a
party washed out seven pounds of gold in four days in Holcomb Valley.”
(California, 2014)
In the 1890’s, Valley Gold Company, Ltd. of London brought a steam
powered dredge, which operated on standard gauge railroad track. The dredge
could process one thousand yards per day of sand and gravel. In 1895, a trench
was dug a half-mile long and sixteen feet wide (Mann, 2005). The trench can still
be viewed today near the intersections of 2N09 and 3N16 Forest Service Roads.
Most of the mining occurred during the 1800’s, but during 1933-1941 powered
equipment was brought in to productively process the gravels of Holcomb Valley.
Mining ceased once World War II started.
The gravels of Holcomb Valley are shallow and in many places as thin as
one foot deep. It is thought that around 200,000 cubic yards of placer material
was handled, with an average gold value of about thirty-eight cents per yard
(Taylor, 1994).

22

Figure 4. A copy of the Daily Alta California newspaper article, which mentions
mining in Holcomb Valley. Source: Adapted from California Digital Newspaper
Collection, Daily Alta California, Vol. 12, Number 238, 27 August 1860,
http://cdnc.ucr.edu/cgi-bin/cdnc?a=d&d=DAC18600827.2.15&e=-------en--20--1-txt-txIN------# (accessed March 5, 2014)
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History of Blackhawk Gold Mine
The Blackhawk Gold Mine, also known as the Santa Fe mine, is located
on the north slope of the San Bernardino Mountains, in Blackhawk canyon
(Figure 5). There are two main gold-bearing ore bodies within Blackhawk
Canyon. The Arlington Santa Fe Lode is a mineralized limestone/marble belt
located at an elevation of approximately 6,200 feet, while the Blackhawk Lode is
a mineralized limestone/marble located further down the canyon.
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Figure 5. Location of the Blackhawk Mine area. Source: Adapted from
Wattenbarger, A.C., 1989, Base and precious metal mineralization in the
Blackhawk Mining District, San Bernardino County, California, M.S. thesis,
University of California Riverside, 5 p. (Accessed March 10, 2014)
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The Blackhawk Mining District is located in the Paleozoic marble of the
upper plate of the Santa Fe thrust fault. Due to low grade metamorphism the
marble was bleached, richly stained with iron oxide and intruded with porphyritic
dikes (Wattenbarger, 1989). Petrographic work by Wattenbarger in 1989 best
describes the mineralogy of the Blackhawk, “Two stages of primary precious and
base metal deposition are recognized. The first stage involved metasomatic
replacement of marble by hydrothermal quartz, gold, auriferous pyrite,
chalcopyrite and galena. The second stage included brecciation of the
hydrothermal quartz, deposition of quartz in open spaces, and precipitation of
gold, pyrite, chalcopyrite, galena, and sphalerite. After mineralization, the marble
and mineralized rock were fractured and barren calcite veins were formed. This
event was associated with a phyllic/argillic hydrothermal event developed along
the Santa Fe thrust system. Phyllic/argillic alteration was overprinted on primary
mineralized rock. The mineralized rock has been pervasively oxidized. During
oxidation base and precious metals underwent limited remobilization.”
The mine consists of at least nine adits and shafts on the main lodes that
range in combined length from 2,500 to 3,000 feet (Wright et al, 1953). The
Blackhawk canyon mines produced an estimated $300,000 in gold, from 1921 to
1940, based on gold prices of that time (Wright et al, 1953), it is estimated that
10,000 troy ounces of gold was produced during this period (Ely, 1982).
The Blackhawk Canyon gold deposits were first discovered in 1871, and
miners formed the Blackhawk Mining District. Silver was also discovered in 1873,
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on the south slope of Blackhawk Mountain in which the Arlington Silver Mining
District was formed (Robinson, 1977). In 1887, Osman G. Leach and James
Cook staked several claims in the canyon. The claims were called Hecla, Pinon,
Lookout, Monarch, and Santa Fe mines. In 1888, they staked Gem, Cliff, and
Lady Alice claims. The ore was assayed and reported as being worth $10 to
$400 a ton from a two-mile long ore body. Cook, Leach, Alex Del Mar and John
McFee established The Blackhawk Gold Company of Los Angeles and it was
incorporated on August 7, 1888. The next year the company was refinanced by
English capital and reincorporated as the Southern California Gold Syndicate,
Ltd. The Blackhawk mines were thought to be worth $60 million in gold and the
mines were compared to the Comstock Load in Nevada (Robinson, 1977).
Alex Del Mar an English mining engineer, supervised the mining
operations of the Blackhawk mines, developing tunnels and ores chutes to bring
down the ore from high up in the canyon walls. The ore was loaded from the
chutes into wagons and brought down to the mill site. At the mill site there was a
lodging house, shops, stables, a barn and a ten stamp steam mill to process the
ore. The water was piped in from Arctic Springs at a rate of 250,000 gallons per
day. The pipeline was seven miles long and cost $30,000 to build. This was
expensive, but the cost was not a problem because the mine looked so profitable
(Robinson, 1977). Del Mar put in a sixty-stamp mill to process the ore faster, but
the ore bodies were not adequate enough to support the mining operation (Ely,
1982). The Blackhawk mining boom only lasted for about two years. In early
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1892, the Southern California Gold Syndicate, Ltd. stopped mining operations
because the value of the ore was only about $10 in gold per ton and the ore was
high in iron oxides making it difficult to process. (This was before the use of
cyanide leaching to remove gold).
The mine later re-opened in the 1920’s by Arlington Mining Corporation
and was operated by Algernon Del Mar. The Arlington-Santa Fe Lode was
developed with many tunnels and drifts. There were approximately 12,000 feet in
length of underground workings, focused around four tunnels having over 2000
feet of cross cuts and drifts. The lode was 4500 feet in length and ranged in
thickness from thirty to 100 feet (Taylor, 1994). Most of the ore was low grade,
but was processed using a 16-ton cyanide mill making it profitable (Wright et al,
1953). Two aerial tramways were built to bring the ore down to the mill site. One
aerial tramway was 557 feet long from the Cliff Mine, and the other was from the
Santa Fe Mine at 4300 feet long. The mill site could process 200 tons of ore
every twenty-four hours and had a 25-ton ball mill for the cyanide plant
(Robinson, 1977). About 10,000 ounces of gold and an uncertain amount of
silver were produced during this time of mining (Taylor, 1994).
In 1939, the Santa Fe Gold Mines, Inc., a new company founded in New
York, acquired the 175-patented claims of the Blackhawk mines. Algernon Del
Mar was kept as a consulting engineer and J. E. Moore was hired as the mine
superintendent. Santa Fe Gold Mines, Inc. installed a 600-ton cyanide leaching
plant, which operated on electricity that was supplied by Southern Sierra Power
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Company. The plant was poorly engineered and ended operations in July 1940.
The mine was then leased to Mines, Incorporated, who kept J. E. Moore as the
mine superintendent and operated the mine with marginal profits except for a
200-foot long and two to four foot wide high-grade ore shoot that was mined and
returned a profit of $90,000 in gold (Robinson, 1977).
The Blackhawk Mines were in operation until World War II, when they
were shut down by War Production Board Order L-208. The mine reopened in
the 1980’s when the price of gold was high, at $850 per ounce (Mann, 2003).
Improvements were made to the mine, a large mill site was built, a road blasted
up the canyon and a three and a half mile long and five-inch diameter water line
was put in to bring water from Arrastra Creek to the mill site. Once the price of
gold fell the mine again shut down. As of 2012 the mine was in the permitting
stages of reopening, due to the high prices of gold at $1556 per ounce (May 31,
2012).
A few samples of ore were collected by Dr. Erik Melchiorre and
geochemically analyzed using the SEM. A piece of sponge gold was tested at
83.51% gold and 16.49% silver. Three different colored ores were found,
collected and analyzed from the Blackhawk mine. The red ore contains gold with
a purity of 58.91% gold and 41.03% silver, the white ore 39.17% gold and
60.83% silver, and the black ore 9.64% gold and 90.36% silver. The gold is
mostly microscopic, found within the matrix of the ore.
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The Blackhawk gold does not have a high percent of purity like gold from
the Holcomb Valley deposit. High purity is important because as placer gold
particles are transported gold fineness or the content of Au-Ag alloy increases
creating a supergene gold rim (Boyle, 1979).
The gold samples collected from the Blackhawk mine area for this study
are significantly different from other inferred placer gold sources based on the
results of the geochemical analysis of the gold. Some Blackhawk samples are
very rich in silver, containing 20% to 90% Ag, compared to the Holcomb Valley
gold which had 0.01% to 20.49% Ag. Purity as determined for this study of the
Blackhawk ore ranged from 9.64% to 85.58% Au, which is much lower than the
Holcomb Valley gold, and technically should be classified as the mineral
electrum. The texture of the Blackhawk gold is spongy, very different than
Holcomb Valley’s octahedral gold. Blackhawk gold is mostly microscopic gold
that can’t be seen by the naked eye while Holcomb Valley gold is visible placer
flour gold. Economically Holcomb Valley gold is more valuable.
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CHAPTER TWO
EXPERIMENTAL DESIGN AND METHODOLOGY

Field Work
Gold from Holcomb Valley and the Blackhawk was chosen for this project
because both were historically large gold producing areas and both areas had
different origins. Analysis of gold samples was to contrast the Blackhawk gold
samples with the Holcomb Valley gold samples to possibly highlight the origins of
gold particles from Holcomb Valley.
The National Forest Service manages the public lands within Holcomb
Valley and various prospectors and prospecting clubs hold a significant acreage
under claim. To conduct fieldwork and collect placer samples, permission had to
be granted from the San Bernardino National Forest Service and several
prospecting clubs who have leases on the mining claims in Holcomb Valley
(Figure 3). Placer samples had to be collected in order to have gold grains for
scanning electron analysis. Each sample site had to be reclaimed back to its
original condition. The prospecting clubs were: Valley Prospectors, Inc., High
Desert Gold Diggers, and Gold Prospectors Association of America.
On August 9, 2011 gold-bearing soil samples were collected from several
mining claims (Figure 6). The coordinates of each sample site were recorded
using a hand held GPS (Global Position System) device. The Holcomb Valley
samples were collected from the Holcomb Valley Formation (TsE). The sample
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area was cleared using a rake to remove large cobbles two to three inches in
diameter and organic matter (pine needles and sticks). Material ranged from
gravels to clays. A shovel was used to fill a 5-gallon bucket. Each bucket was
given a sample number and a lid sealed each bucket. Effort was made to control
the size and depth of each sample site hole. Once the bucket was filled the hole
was backfilled with surrounding soil and organic matter to reclaim the sample
area.
Samples were taken from areas determined to have trapped the most
placer gold, such as, the soil from the roots of a recently fallen old tree; there
may be gold there that was not mined by the miners in the 1800’s when the tree
was young and growing. Samples were taken from the dry streambeds, in areas
were the bedrock of granite creates natural pockets that trap the gold as the
stream is flowing. In order to establish some level of remaining gold in previously
mined areas, some samples were collected from previously mined areas. A total
of eleven samples were collected from eight different mining claims. Only eleven
samples were collected because of time constraints. The mining claims are Gold
Digger 2A and Gold Digger 2B claimed by the High Desert Gold Diggers, Indian
Gulch 1, Indian Gulch 2, Miner’s Folly and Indian Flat claimed by Valley
Prospectors, Inc., and Holcomb Gold and Gold Mountain claimed by Gold
Prospectors Association of America.
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Mapping Using Geographic Information Systems
Geographic Information Systems (GIS) was used to make maps to visually
display geology, sample site locations, and historical and new prospect data. To
help create the mineral resources map, a database of complied mineral locality
sites from the United State Geological Survey was used to show historical and
new prospect locations, the commodity being mined, and each sample site
(Appendix D).
These mineral resource data were used to show areas that are rich in
certain minerals or other geologic resources such as gold or limestone. The
purity of the gold from this study was mapped (Figure 6) to see if there was a
relationship between the location of gold and inferred transport distance, to the
purity of the gold, and the gold surface texture.

Lab Work
The samples were processed and analyzed at the geochemistry
laboratory at California State University San Bernardino. The volume of each
sample was preciously measured and screened to remove the remaining pebbles
and larger organic matter. The samples contained significant organic matter,
some samples up to thirty percent. The initial plan was to use a “gold wheel” to
concentrate the heavy minerals in the samples. The “gold wheel” is sensitive to
organic matter, which tends to clog the pump and small holes in the apparatus.
The organic matter consisted of leaves, pine needles, sticks and twigs and
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decomposing vegetation from the forest, most of the placer sites were not fluvial.
To remove the organic matter, the sample, while in the 5-gallon bucket was filled
with water, which allowed the organic matter to float and be skimmed off the top.
Removing the organic matter from the sample was intended to keep the water
pump on the gold wheel from clogging. Sample was then processed through a
gold wheel. This machine removes the gold, black sand and other heavy
minerals by water-washing the material in a corkscrew wheel with grooves, which
carry the concentrates to a small central collection cup using the same principles
as an Archimedes screw. The gold wheel is a closed system and recirculates the
water through the wheel.
The gold wheel did not work well or timely for processing the sample
because of the amount of organic material clogging the small holes in the pipe
that washes the water down the wheel.
The remaining samples were processed by hand using a gold pan. Each
bucket was filled with water to remove the organic matter. A large washtub was
filled with water and a gold pan was used to pan out the gold. A gold pan is a pan
that is usually fourteen inches in diameter, but can range between ten to
seventeen inches in diameter. The gold pan has riffles on one side of the pan,
which traps the gold, as the placer material is being agitated and washed out of
the pan with water. The gold, magnetite and other heavy minerals (black sand)
are left in the pan while the less dense minerals are washed away. This method

34

of processing the gold proved to be faster and efficient in concentrating the
samples and is recommended as a future method.
Once the samples were all processed, the concentrates from each
sample were placed in a glass beaker and heated on a hot plate. This removed
the moisture from the concentrates. Each sample was then placed under a
binocular microscope, and the minerals and crystals were examined for
roundness and shape. Gold grains were categorized into four shape
classification groups: discoid, blade, spheroid and tabular. Roundness and shape
are important for determining possible transport distance, which would help to
determine a possible origin of Holcomb Valley placer gold and whether gold
grains had different depositions times. It would be expected that Holcomb Valley
gold grains would possibly show a gradational change in shape increasing in
roundness from source to final deposition location. Studies have shown that
spheroid particles are transported the farthest distance of all shapes. Discs and
rods moved better compared to blades, which moved only short transport
distances (Demir, 2000).
The magnetite and other magnetic minerals were removed from each of
the samples by using a rare earth element magnet. Once the magnetic minerals
were removed, the gold was removed. Each particle of gold was removed using
surface tension on a wet fine tipped paintbrush (each gold grain ranged in size
from 1.4mm to 0.1mm). The gold particles in the samples ranged from none
(sample 10,13,16) to forty-four separate gold particles (sample 11), with an
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average of fourteen gold particles in each sample. Sample 11 represents an
unmined area with forty-four grains and sample 8 would represent a mined area
with five grains. Each gold particle was photographed (Appendix A) using a Dino
lite microscope camera. Each gold sample was weighed (all gold grains together
from each sample location) on an analytical balance. Each grain was measured
along X, Y, and Z-axes for shape classification. The gold grains from each
sample location were equally split (e.g., if there were ten gold grains then five
were retained, splits were kept equal in size of grains and shape); half of the
sample was retained for future analysis or in case the other half of the sample
was lost during microscope probe preparation.
Each gold particle sample was prepared for the scanning electron
microscope by being epoxied into rubber cups and polished down to 1 micron
creating an ultra smooth polish. Samples 8, 9, 14, and 15 were lost during
polishing due to small grain size; the polishing plucked the grains out. These
samples were not re-epoxied using retained gold grains due to time and budget
constraints. Another method that could have been used, but would be more
costly is to send samples to a lab to be prepared for microscope probes.
The prepared smooth surface microscope samples were carbon coated
using a Hummer VI Sputtering System with a CEA-II Carbon Evaporation
Accessory, both made by Anatech Ltd. Once samples were prepared they were
placed in the Hitachi Scanning Electron Microscope model S-2700 with EDAX xray detection. Each gold sample was analyzed by energy dispersive spectral

36

analysis (EDS) to determine the purity or fineness of the gold at the rim of the
grain compared to its core, and to determine if there were any other impurities or
mineral inclusions. The software used for the analysis was 4Pi Analysis
Software.
The following control samples and standards were used: Prior to analysis
of unknowns, a suite of three gold-silver-copper standards were analyzed to
confirm calibration. These standards were purchased from Collector’s Gallery, a
precious metals dealer in Redlands, CA. Internal calibrations in the 4Pi software
were adjusted to compensate for minor linear correction. No significant drift was
observed when these standards were analyzed on subsequent days, so no
further calibration was required. Instrument error was 0.08 weight percent for
gold, 0.05 weight percent for silver, and 0.1 weight percent for copper. For
control, a suite of four samples of Holcomb Valley placer gold, were analyzed by
high-resolution laser ablation ICP-MS at the University of Arizona. These control
samples were analyzed a least once per day. The Holcomb Valley placer gold
samples for this project were analyzed by selecting a small area on the gold
grain (an area on a rim or core) to be scanned for gold and silver content, due to
time constraints the whole grain was not analyzed. High rim purity, when
compared with core purity is usually considered an indicator of gold transport
(Koshman, 1972).

37

Analyzing the Purity of the Gold of Holcomb Valley
Via Scanning Electron Microscope
The geochemistry of the rim and core of each gold grain was analyzed
using the scanning electron microscope, to determine if the rims of gold were
higher in purity than the core. EDS provides additional insight into chemical
weathering in the rims of the gold and the possible geochemical signature of the
lode source of the gold from unweathered cores. Placer gold deposits are known
to have silver and other trace minerals leach out from individual gold particles,
leaving a higher percentage of gold in the rim compared to its original hard rock
origin (e.g., Koshman, 1972). High rim purity is an indicator of gold transport;
studies of placer gold from the Pioneer district in Montana show increased gold
purity within 9 km of transportation, along with a major decrease in Pb, Si, Cu,
and Sb (Campbell et al., 1982). As placer gold particles are transported gold
fineness or the content of Au-Ag alloy increases creating a supergene gold rim
(Boyle, 1979). The high rim gold purities are important to determine which areas
of Holcomb Valley have high value placer deposits with consequently higher
economic value.
All gold samples were digitally imaged using the scanning electron
microscope and the backscatter electron imagery. Images were acquired using
4Pi Analysis software, operating in Electron Image Slow Scan mode. Images
were captured as 300 dots per inch TIFF files to maintain high fidelity, but were
later converted to 300 dots per inch JPG files for document compatibility and
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insertion in the final thesis. The purity of gold and silver was recorded for each
grain and the data were used to create tables and graphs.

Calculating the Volume of the Holcomb Valley Deposit
Using Geographic Information Systems
The mapping and digitization of the extent of the gold-bearing Holcomb
Valley Formation permits an estimate of the total volume of gold-bearing
sediments. The area of the Holcomb Valley deposit was calculated by using GIS
to trace the outline of the Holcomb Valley Formation (TsE) (see Figure 6) from the
digital geologic map this allowed calculation of the surface area of the unit TsE.
Observations of thickness of the unit at five locations were used to calculate the
average thickness of the unit TsE. The estimated average thickness and the area
as determined by GIS maps were used to estimate the volume of TsE. The
volume estimate and the weights of placer gold recovered from samples were
used to estimate the economic value of past, current and possibly future mining
operations.
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Figure 6. Map of sample locations, gold mass, shape classification, and geology.
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CHAPTER THREE
RESULTS

Holcomb Valley Placer Volumes, Average Placer
Grades, and Economic Value
Gold was collected from eleven different sample locations in Holcomb
Valley (Figure 6). Eight out of the eleven samples contained gold. The number of
gold particles in these eight samples ranged from a low of five (Sample 8) to a
high of forty-four grains (Sample 11) from one sample location (Figure 7).

Number of Grains

Number of Grains Per Sample

















Sample ID

Figure 7. Graph showing the number of grains found from each sample location.
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Each gold sample was weighed (Table 1) to calculate an estimate of the
economic value of the gold that remains in Holcomb Valley using current gold
prices. Gold grain weights include the total amount of gold recovered from the
sample site (including gold retained by the split prior to sample preparation for
SEM). The gold values were calculated using November 7, 2013 gold spot price
of $1,307.60. Placer gold recovered from sample 15 weighed 1.62 milligrams,
being the lightest of the samples, and placer gold recovered from sample 17
weighed 9.74 milligrams being the heaviest of the samples.

TABLE 1. DETAILS OF CALCULATIONS OF OUNCES OF GOLD PER CUBIC
YARD AND LOCATION.
Bucket
#
8
9
10
11
13
14
15
16
17
18
19

Lat.
34.31191
34.31130
34.31269
34.31199
34.31275
34.31270
34.31245
34.31199
34.30119
34.30206
34.30141

Area Cubic Yards

# of
Long.
Grains
116.90742
5
116.90759
7
116.90685
0
116.90395
44
116.91129
0
116.91298
12
116.91262
10
116.90395
0
116.89148
27
116.88992
41
116.89062
18

Mass
of
Gold
mg
2.21
4.38
8.98
4.67
1.62
9.74
6.10
2.80

50,027,000
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mg/Cubic
Yard
89.284
176.952
362.792
188.668
65.448
393.496
246.44
113.12
Average

$ Value in
Au
per cubic
Yard
$4.12
$8.16
$16.73
$8.70
$3.02
$18.15
$11.37
$5.22
$9.43

Results of Gold Roundness, Shape and
Texture Analysis
Most of the gold grains are considered “flour gold” because they are very
small and fine particles, resembling flour and usually smaller than .425mm in
size. The largest grain diameter was 1.4 millimeters from sample 9 and the
smallest diameter grain was 0.11 millimeters from sample 14. Figure 8 shows
size distribution as well as shape distribution (which will be discussed later), the
scatter plot shows the distribution of the gold samples by size to determine shape
class. Gold grains were categorized into four shape classification groups: discoid,
blade, spheroid and tabular. Results of shape class seem to be random. It was
thought that the scatter plot for shape class would show a trend from spheroid to
blade, if transport histories of the gold grains were the same. Research by Demir
(2000) has shown that spheroid particles are transported the greatest distance of
all shapes and discs and rods move better compared to blades, which moved
only short transport distances.
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Figure 8. Scatter plot for shape classification of gold collected from Holcomb
Valley.

In order to identify differences in of the transport history of the recovered
grains, each gold sample was analyzed for roundness, using the gold grain
shape classification by Dilabio (1991). Dilabio designed this gold classification
scheme to visually describe gold grains using shape and texture; this also assists
in arranging the gold grains into categories that represent subtle differences in
their transport history. The scheme uses three classes: Pristine, Modified and
Reshaped (Table 2). Of the eight samples that had gold grains, 62.5% have been
classified as “Reshaped” because they have the shape characteristics and
surface texture of that class according to Dilabio’s scheme. The remaining 37.5%
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are classified as “Modified” (see Table 2 below). Table 3 shows shape
classifications for gold samples collected in Holcomb Valley.

TABLE 2. DILABIO’S CLASSIFICATION SCHEME FOR SURFACE TEXTURE
AND SHAPE OF GOLD GRAINS (DILABIO, 1991).
Class
Pristine

Shape

Surface Texture

-block
-rod or wire
-leaf

.

-smooth surfaces
-angular edges
-grain moulds clearly
visible
-thin edges not curled
-some striae

-crystal
-star
-globule or bleb
Modified

-all pristine
shapes damaged,
but visible

-leaf edges and
wires bent, curled
-blunted and clubbed
edges
-grain moulds preserved
where protected
-moderately striated
-felty texture where
damaged

Reshaped

-well rounded
grain outline
-folded rod, wire
flake
-rounded block
-typical discoid
placer flake
-nugget

-porous, scaly, felty
or spongy
-rarely striated
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The mineral gold is classified in the isometric crystal system. When it
crystallizes, it can be found as globules, cubes, dodecahedrons, octahedrons,
and rarely wire and leaf forms. Because of the softness and ductility of gold,
these crystal shapes are easily modified when grains are transported even within
a few tens of kilometers and become thin flakes (Leon, 1995). A few particles of
octahedral gold were found in sample 11 and sample 14 (Appendix A, Photos
6,7,9), indicating these grains of placer gold were probably close to their source.
Interestingly, sample 11 also had grains of gold with folded-over edges indicating
some transport.

TABLE 3. HOLCOMB VALLEY GOLD SAMPLES CLASSIFIED USING
DILABIO’S SHAPE CLASSIFICATION AND TEXTURE.
Sample

Class

Shape and Surface Texture

8

Reshaped

Porous, rounded and folded edges.

9

Modified

Blunted and clubbed edges, felty texture.

10

No Au

11

Modified with a few
pieces that are
pristine

Some octahedral gold that has been pitted and blunted.
Grains with edges that have been rolled over.
Some pristine pieces have very smooth shiny reflective
surfaces and are angular.

13

No Au

Angular to sub-angular grains of quartz, crystals of magnetite.

14

Modified

Some octahedral gold that has been pitted and blunted.

15

Reshaped

Discoid and wire folded.

16

No Au

17

Reshaped

Well-rounded grains, folded grain.

18

Reshaped

Spongy porous texture, well rounded.

19

Reshaped

Spongy texture, well rounded.
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Roundness was used help to determine a possible origin of Holcomb
Valley placer gold and whether gold grains had different transport histories. It
was thought that Holcomb Valley gold grains would possibly show a gradational
change in angularity increasing in roundness from source to deposition location.
The roundness classification of the eleven sample locations were: 7%
were very angular, 40% were angular, 27% were sub-angular, 13% were subrounded, 13% were rounded, and none of the samples were well rounded (Figure
9) this shows that 70% of the gold grains had some degree of angularity and the
remaining 26% had a degree of roundness, indicating that some grains have had
a longer history of transport and reworking than others. Four of the sample
locations were classified in two different roundness categories, suggesting that
even grains from the same sample location may have had different histories. An
example of this is from sample 11, which had pristine octahedral crystal gold
along with pitted, folded reshaped grains (Appendix A).
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Figure 9. Roundness categories for the gold samples collected in Holcomb
Valley.

Each of the gold grains was measured to calculate a shape classification.
Figure 8 shows the shape classification scatter plot. From eight site locations a
total of 164 grains of gold were collected. Over half of the grains (53%) were
classified as tabular. Blade was the next largest classification at 22%, then
spheroid at 13% and discoid 12% (Table 4). A bar graph was also created to
visually show how many grains are in each shape classification (Figure 10).
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TABLE 4. SHAPE CLASSIFICATION, NUMBER OF GOLD GRAINS AND
PERCENTAGE.
Shape
Discoid
Tabular
Spheroid
Blade
Total

#
19
87
22
36
164

%
12
53
13
22
100

Gold	
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Figure 10. Bar graph showing the number of grains per shape classification
category for all sample locations.
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Results of Gold Geochemical Analysis
The geochemistry of the rim and core of each gold grain was analyzed
using the scanning electron microscope, backscatter electron imaging, and
energy dispersive spectral analysis (EDS). Samples were collected from eleven
different sample locations in Holcomb Valley (Figure 6). Eight out of the eleven
sample locations contained gold. Out of the eight gold sample locations only four
sample locations were geochemically analyzed due to the loss of some gold
grains in the polishing of the SEM probes, and time and budget constraints. The
following were geochemically analyzed: ten grains from sample location 17, four
grains from sample location 11, two grains from sample location 19 and sixteen
grains from sample location 18 (Table 1 and Figure 6). A total of thirty-two grains
were geochemically analyzed from all sample locations.
Results show that gold is very high in purity for both rim and core analyses
(Appendix C). For rim analysis, sample 11 (grain #2) had the lowest gold purity or
84.26% with 15.74% silver. The core analyses for this same sample were
79.51% gold and 20.49% silver, indicating that the gold in the rim of this grain is
4.75% purer than in the core. Sample 19 (grain #2) had the highest rim analysis
of 100% gold and a core analysis of 85.32% gold and 14.68% silver, showing
that the gold in the rim of this grain is 14.68% purer than its core due to
transportation and/or weathering causing the impurities to leach out.
Of the thirty-two grains analyzed, twenty-four grains had rims in which the
gold purity was enriched at least 1.5% above the purity of the core, suggesting
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significant transport or weathering of the grains causing leaching of silver from
the rims (Figure 11). For the remaining grains, the rim and core purities were
within 1.5% of each other, suggesting the grains were probably protected from
conditions that would have leached silver from the rims. Table 5 shows the
microprobe results of the thirty-two grains. The grains with negative enrichment
indicate that some rims of gold grains were folded over moving high purity rim to
the core of the gold grain.
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TABLE 5. RIM AND CORE PERCENTAGE DATA TABLE FOR AU, AG AND AU
PERCENT ENRICHMENT FOR EACH SAMPLE LOCATION. Data shows a
normalized average for multiple measurements on the same grain. The gold
grains with negative enrichment indicate that some rims of gold grains were
folded over moving high purity rim to the core of the gold grain.
Sample
Location
11

17

18

19

Grain
#
1
2
3
4
1
2
3
4
5 thru 10
1
2
3 thru 10
11
12
13
14
15
16
1
2

Rim
Au%
99.99
84.26
97.75
100
99.69
99.43
99.73
99.72
99.11
99.42
98.3
97.81
96.56
99.93
89.55
91.2
99.48
99.41
100
100

Rim
Ag%
0.01
15.74
2.25
0
0.31
0.57
0.27
0.28
0.89
0.58
1.7
2.19
3.44
0.07
10.45
8.8
0.52
0.59
0
0
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Core
Au%
95.16
79.51
98.09
92.4
96.59
99.14
88.56
99.24
96.2
98.01
99.79
95.3
97.58
96.64
90.91
90.01
96.24
94.99
89.93
85.32

Core
Ag%
4.84
20.49
1.91
7.6
3.41
0.86
11.44
0.76
3.8
1.99
0.21
4.7
2.42
3.36
9.09
9.99
3.76
5.01
10.07
14.68

Au %
Enrichment
4.83
4.75
-0.34
7.6
3.1
0.29
11.17
0.48
2.91
1.41
-1.49
2.51
-1.02
3.29
-1.36
1.19
3.24
4.42
10.07
14.68
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Figure 11. Graph showing percent Au enrichment from each sample location.
Data used for this graph was from Table 5, using a normalized average for
multiple measurements on the same grain. The percent enrichment was
calculated by subtracting the percent gold in rim from the percent gold in the core
giving the percent gold enrichment.

A backscatter image (Figure 12) of a gold grain from sample 17 shows a
high purity gold streak running through the core of the gold grain. The streak is
98% gold and 1.87% silver; the remainder of the grain is 93.82% gold and 6.18%
silver. This is an indicator that the high purity rim may have been folded over
during transport and relocated to the core of the grain. Previous studies (Loen,
1995) show that with increased transport distance, placer gold becomes flattened
and thin flakes develop edges that are folded with surface texture becoming
more pitted due to being reworked from older gravels.
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Figure 12. Backscatter electron imagery of gold grain, sample location 17. Yellow
boxes indicate areas where EDS measurements were made. The lighter shaded
regions (containing Probe 1 and surrounding Probe 3) are higher purity Au,
analyzed at 98% Au and 1.9% Ag (Probe 1). The dark regions are 93.8% Au and
6.2% Ag (Probe 3). The remaining region is 95.7% Au and 4.3% Ag (Probe 2).
During transportation this grain was probably folded over, relocating the high
purity rim Au to the center of the grain.

There appear to be two distinct groups of gold based on gold rim purity.
Figure 11 shows that sample 19 had the highest percent gold enrichment with
grain #1 at 10% and grain #2 at 15%. This shows that the gold in the rim of these
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grains is much purer, probably due to transportation causing the impurities to
leach. The percent gold enrichment also correlates with sample 19’s shape
classification of reshaped well-rounded grains (see Table 3). Sample 17 also had
one grain with a highly enriched rim (11.17%), but two other grains from this
sample had lower enrichment values.
For percent gold enrichment, sample 11 and sample 18 had a mixture of
grains with a low to moderate percent gold enrichment, ranging from -1.49% to
7.6%. This mixture of grains also correlates with the mixture of grains in shape
classification for sample 11 and sample 18 (see Table 3). Sample 11 has
octahedral gold grains along with reshaped gold grains. Sample 11 is also
located northwest and near bedrock (possible source of gold) when compared to
the locations of samples 17, 18, and 19, which are located in the southeast
corner of the basin. Samples 17, 18 and 19 are also located the farthest from
their skarn bedrock sources, which is consistent with the grains being
transported.

55

CHAPTER FOUR
DISCUSSION AND CONCLUSIONS

Discussion
There are numerous economically viable deposits of high-purity limestone,
which are presently mined within the San Bernardino Mountains. At present, this
represents the overwhelming majority of the economic output from geological
materials. Omya is in the permitting stages to expand the Sentinel Quarry, and
the Butterfield Quarry, this will add an additional twenty-years life to the Sentinel
Quarry and forty-years life to the Butterfield Quarry. Both quarries will be allowed
to continue mining until 2055. Both quarries combined, will have an average ore
production rate of 680,000 tons per year, depending on market demand. This
proposed mining average is almost doubled compared to the three-year average
between 2004-2006 of approximately 378,000 tons per year (Federal Register,
2013). These two quarries alone are substantial mining operations and it is
projected that Specialty Minerals has over 23,000,000 tons over the lifetime of its
quarry (Taylor, 1994).
In a comparison of the dollar values of the two commodities (gold and
limestone), limestone would have a higher economic value. An estimate on dollar
value for the Omya quarry would be $1.8 billion; this was calculated by
multiplying 23,000,000 tons of limestone by $80 per ton for cement (current
average price for cement type II). It is a conservative estimate based on prices at
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the quarry. Many of the high-grade limestone products bring a higher price per
ton than cement. This estimated value along with the rest of the limestone
quarries in operation would exceed the dollar value of gold $915 million.
Historically the gold of Holcomb Valley would have produced the most
wealth during its time period because production was largely concentrated during
a single decade, whereas the limestone production has been over many decades
and there is still a vast quantity of limestone remaining, which exceeds the value
of gold remaining. Limestone that is permitted has a much greater value than
limestone that is not permitted. An example would be a valuable limestone
deposit that is located in a wilderness preserve that has a protected endangered
species (plant or animal); this area cannot be permitted and therefore has no
economic value. Permitted limestone resources exceed the potential gold
resources. Even the gold in Holcomb Valley has no real value if it cannot be
permitted to be mined. Holcomb Valley most likely would be difficult to permit
because it is located in the San Bernardino National Forest. The cost to set up a
commercial mining operation including equipment and permit mining fees almost
certainly would not be economical. The only practical way to mine in Holcomb
Valley is hobby mining.
An estimate of the economic value of the TsE rock unit was calculated based on
weight and distribution of gold in the samples collected. The sedimentary rocks of
Holcomb Valley TsE cover an area of roughly two square miles and are estimated
to have an average thickness of twenty-five feet. The volume of TsE is estimated
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at 50,027,000 cubic yards, using field measurements of average depth and GIS
techniques (see Calculating the Volume of the Holcomb Valley Deposit Using
GIS). Sample 15, from a previously heavily mined area (Figure 6), had the lowest
gold value per volume of sediment. Using sample 15 values of .002 ounces per
cubic yard as a minimum value, the total placer gold content of the Holcomb
Valley placers would be about 100,000 troy ounces. This would have an
estimated dollar value of about $130 million at $1,307.60 per ounce (November
7, 2013 gold spot price). This minimum estimate of gold assumes that there are
no high-grade pockets of gold remaining (or are averaged out by pockets of
lower value), and that gold grade estimates are conservative estimates and are
representative of all of Holcomb Valley based on samples collected. Since
unquantified portions of the Holcomb Valley placers are unmined, and the lowest
gold recovery values were used, this estimate of total remaining gold should be
considered a minimum amount.
The highest gold values came from sample area 17. This sample had the
highest gold value per sediment volume, with .014 ounces per cubic yard, or
about 700,000 troy ounces of gold for the whole basin. Sample 17 was removed
from under the upturned root mass of a fallen 200-year-old tree. It is assumed
that this tree was present during the Holcomb Valley gold rush, and that the
placer material under it represents a preserved sample of the original placer
grade. This would have an estimated value of about $915 million assuming that
the sample is representative of pre-mining placer values, which is probably a low
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estimate. There are many early reports of exceptionally rich areas, and if the
area where sample 17 was recovered was rich, it is likely that they would have
mined around the tree. This estimate of total original gold should be considered a
maximum amount.
Given these values for original gold content, and remaining gold, it is
reasonable to suggest that about 600,000 troy ounces of placer gold have been
recovered from the Holcomb Valley placers. This would have a modern value of
about $785 million. This estimate is a little less than double the amount of gold
reported to have been mined from this district. However, there are many reasons
to assume the official total is a gross underestimate. First, the district’s prime
years of operation were largely during the Civil War, when gold carried a price
premium of up to 150% on the black market. Second, the independent miners
that worked their claims had no easy place to record their finds, even if they had
any motivation to report their earnings to the government.
The placer gold from Holcomb Valley displays an interesting but conflicting
relationship between shape analysis and geochemical trends. Much of the gold is
observed to be angular (Figure 9), and also tabular (Figure 8 and 10). Angular
and tabular placer gold shapes often are interpreted as having minimal
transportation distance from their lode source (e.g., Lindgren, 1911; Reith et al.,
2010). However, the geochemical data show strong gold enrichment rims, which
other studies have often interpreted as resulting from prolonged chemical
weathering, often directly related to distance traveled from the lode source (Reith
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et al., 2010; Kamenov et al., 2013). Some gold collected for this study shows
evidence of having been reworked and folded, suggesting extensive
transportation. Combined, the evidence seems to suggest that the placer gold at
Holcomb Valley was weathered from a nearby lode source, but sustained a
prolonged period of chemical weathering, but without appreciable transport
distance. This is likely due to the occurrence of these placers within a perched
mountain basin, which has experienced a period of recent uplift because
continued deposition was limited, so samples remained close to the surface for a
long time, enabling chemical weathering to continue. Figure 13, the topographic
map shows clearly the enclosed topographic configuration of Holcomb Valley.
Gold was most likely eroded away from its skarn source rock at different times. It
is inferred that grains that presently have high-purity rims were eroded out of the
bedrock earlier thus had more time for leaching.
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Figure 13. Topographic map showing sample locations in an enclosed basin.
Source: Niemi, Ryan, TopoQuest, USGS Topographic Map Of The Fawnskin 7.5’
Quadrangle, San Bernardino County, California, http://www.topoquest.com
(Accessed May 9, 2014)

Some of the grains appear to have experienced different histories, based
upon bimodal shape classification and rim enrichment populations. An example
of this is from sample 11 (located in the northwest of the basin), which had
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pristine octahedron crystal gold particles along with pitted folded reshaped
grains. This sample was also close to its skarn bedrock source. The reworked
grains almost certainly were transported back and forth across the basin of
Holcomb Valley as the San Bernardino Mountains where being uplifted, and new
gold was periodically added through additional weathering of the lode source.

Conclusion
In conclusion, the San Bernardino Mountains have a mineral wealth of
economic resources that have been historically mined and are currently being
mined today. The current major economic mineral resources are the limestone
deposits on the north slope of the San Bernardino Mountains. Currently, there
are three operators: Omya, Specialty Minerals, and Mitsubishi Cement. The three
companies combined produce approximately 2-million tons of high brightness
calcite limestone per year and 6-million tons of cement-grade limestone per year.
Specialty Minerals, Inc. is the largest producer of high-brightness limestone
products in the San Bernardino Mountains and has been in continuous
production for the last fifty years (Taylor, 1994). There are also major mineral
resources such as the gold of the Blackhawk mines that are now economical due
to the high price of that commodity.
Holcomb Valley has an estimated original gold content of about 700,000
troy ounces (assuming an average grade of the highest results in this study),
600,000 of which appears to have been recovered by mining activity during the
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mid-1800s to early 1900s. Approximately 100,000 ounces of placer gold might
remain in Holcomb Valley, but much more of that is within lower-grade deposits.
The expense to establish a commercial mining operation including equipment
and permit mining fees almost undoubtedly would not be economical. This may
preclude a large mining operation, but hobby mining and prospecting still
produces gold from rich remnants of the original placers.
This study has concluded that in a comparison of the dollar values of the
two commodities (Holcomb Valley placer gold and limestone), limestone would
have a higher economic value. Due to the small size of the deposit and location
of the Holcomb Valley placer gold within the San Bernardino National Forest it
would not be practical or economical to be commercially mined.
Because of this study, Holcomb Valley now has estimates of economic
gold values compared to economic limestone values. Prior to this study it was not
known that Holcomb Valley has octahedral gold crystals or that some of the gold
grains appear to have experienced different histories, based upon bimodal shape
classification from macro observations and rim enrichment populations from SEM
analysis.
This study has produced several maps showing new data on gold from
Holcomb Valley. These maps plotted gold roundness, which was used help to
determine a possible origin of Holcomb Valley placer gold and whether gold
grains had different depositions times. Prior to gold examination and analysis for
this study it was thought that Holcomb Valley gold grains would possibly show a
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gradational change in angularity increasing in roundness from source to
deposition location, but this study did not show a clear path of gradational
change in roundness from its source to its deposition. This study revealed
pristine gold particles along with pitted folded reshaped grains, which correlate
that the gold grains had different depositional histories. The reworked grains
almost certainly were transported back and forth across the basin of Holcomb
Valley as the San Bernardino Mountains were being uplifted, and new gold was
periodically added through additional weathering of the lode source.
It is recommended that further research would be to include sampling of
the Holcomb Valley lode gold resources, which would help further identify the
distance the gold has traveled and it’s pre-erosional and transport purity before
being weathered as a placer gold deposit. It is also recommended that an
expanded sampling program be implemented to support or refute the preliminary
conclusions presented here.
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APPENDIX A
PHOTOGRAPHS OF GOLD
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Photo 1: Sample 8, 200X magnification. Field of view is 2.6mm across. Large
grain of gold was measured, 1.09mm long by 0.74mm wide and 0.62mm thick.
Show reshaped grains with rounded folded edges with porous texture.
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Photo 2: Sample 8, 200X magnification. Field of view is 2.6mm across. Large
grain of gold was measured, 1.09mm long by 0.74mm wide and 0.62mm thick.
Another view of a reshaped gold grain.
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Photo 3: Sample 8, 50X magnification. Field of view is 9mm across. Showing
grains of sand (magnetite, mica, quartzite) found with gold grains (no gold in
photo).
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Photo 4: Sample 9, 200X magnification. Field of view is 2.6mm across. Another
view of a reshaped gold grain.
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Photo 5: Sample 11, 200X magnification. Field of view is 2.6mm across. Some
gold grains with pitted and blunted edges.
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Photo 6: Sample 11, 200X magnification, octahedral gold crystal in center of
photo. Field of view is 2.6mm across. In the center of the photo there is a piece
of octahedral gold showing a pitted texture.
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Photo 7: Sample 11, 200X magnification another view of the octahedral gold
crystal top of photo. Field of view is 2.6mm across.
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Photo 8: Sample 14, 200X magnification. Field of view is 2.6mm across. Shows a
modified grain with rolled over edges.
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Photo 9: Sample 14, 200X magnification. Field of view is 2.6mm across. Shows a
pristine grain (far left) and an octahedral grain (far right).
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Photo 10: Sample 15, 200X magnification, wire gold folded over in photo,
reshaped gold grains. Field of view is 2.6mm across.
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Photo 11: Sample 17, 50X magnification. Field of view is 9mm across. Photo
shows gold grains folded over with pitted texture.
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Photo 12: Sample 17, 50X magnification. Field of view is 9mm across. Gold
grains are flatted from being reworked.
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Photo 13: Sample 17, 50X magnification. Field of view is 9mm across. Gold
grains are reshaped and flattened.
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Photo 14: Sample 18, 50X magnification. Field of view is 9mm across. Some of
the gold grains, to many grains to fit into one picture.
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Photo 15: Sample 18, 50X magnification. Field of view is 9mm across. Modified
gold grains with pitted and blunted edges.
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Photo 16: Sample 18, 50X magnification. Field of view is 9mm across. Another
view of the modified grains.
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Photo 17: Sample 19, 50X magnification. Field of view is 9mm across. Grains
showing pitted texture.
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Photo 18: Sample 19, 50X magnification. Field of view is 9mm across. Gold
grains are flattened with pitted texture.
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Photo 19: Sample 19, 200X magnification, magnetite crystal. Field of view is
2.6mm across. No gold in this photo, photo shows a crystal of magnetite.
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APPENDIX B
PHOTOGRAPHS OF
SAMPLE COLLECTION AND EQUIPMENT
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Photo 19: Collecting a sample at the base of a pine tree.
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Photo 20: Samples being loaded into a five-gallon bucket into the vehicle.
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Photo 21: Hummer VI Sputtering System with a CEA-II Carbon Evaporation
Accessory both made by Anatech LTD.
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Photo 21: The microscope probes being carbon coated using a Hummer VI
Sputtering System with a CEA-II Carbon Evaporation Accessory both made by
Anatech LTD.
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Photo 22: The SEM probe sections ready for the Scanning Electron Microscope.
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Photo 23: Once samples were carbon coated they were placed in the Hitachi
Scanning Electron Microscope model S-2700 with EDAX.
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Photo 24: The chamber of the SEM open and the probe placed inside. A piece of
carbon tape is placed on the epoxy probe in order to find the orientation of each
gold grain and to differentiate each sample location.
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APPENDIX C
TABLE OF GEOCHEMICAL ANALYSIS
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List of all gold grains, which were geochemically analyzed for rim and core purity.
Location

Grain
#

HV 17

1

Core
Au%

Core
Ag%

95.01

3.28

New 17 Au Probe 8

94.93

3.48

New 17 Au Probe 9

95.33

3.32

Name of Sample
New 17 Au Probe 1

Rim Au%

Rim
Ag%

98.01

0.46

New 17 Au Probe 3
New 17 Au Probe 5

New 17 Au Probe 12

2

0.07

97.98

0.3

95.09

3.36

99.69

0.31

96.59

3.41

98.44

0

New 17 Au 2 Probe 3

96.77

1.34

New 17 Au 2 Probe 4

97.72

0.98

New 17 Au 2 Probe 12

97.81

0.54

New 17 Au 2 Probe 13

97.99

0.55

New 17 Au 2 Probe 1

New 17 Au 2 Probe 6

97.32

0.22

New 17 Au 2 Probe 7

97.66

0.65

New 17 Au 2 Probe 17

92.77

1.31

96.55

0.55

97.57

0.85

99.43

0.57

99.14

0.86

97.59

0.54

New 17 Au 3 Probe 13 Au

85.88

11.89

New 17 Au 3 Probe 16 Au

88.12

10.59

Average
*Normalized
Average
HV 17

3

New 17 Au 3 Probe 11 Au

New 17 Au 3 Probe 18 Au
Average
*Normalized
Average
HV 17

4

0.37

98.26

Average
*Normalized
Average
HV 17

97.68

New 17 Au 4 Probe 1

98.41

0

98

0.27

87

11.24

99.73

0.27

88.56

11.44

98.35

0.02
97.54

0.56

98.24

0

New 17 Au 4 Probe 5
New 17 Au 4 Probe 8

97.56

0.33

New 17 Au 4 Probe 9

97.78

0.22

New 17 Au 4 Probe 12
New 17 Au 4 Probe 17

97.66

0.52

New 17 Au 4 Probe 18

97.81

0.26
95.96

1.67

97.83

0.27

97.25

0.74

99.72

0.28

99.24

0.76

98.36

0
98.09

0.43

New 17 Au 4 Probe 20
Average
*Normalized
Average
HV 17

5

New 17 Au 5 Probe 2
New 17 Au 5 Probe 5
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Location

Grain
#

HV 17

6

Name of Sample
New 17 Au 6 Probe 4

Rim Au%

Rim
Ag%

90.41

3.22

New 17 Au 6 Probe 5
8

New 17 Au 8 Probe 1

98.74

99.73

0.27

99.6

0.4

New 17 Au 8 Probe 5a
9

New 17 Au 9 Probe 1
New 17 Au 9 Probe 3

10

New 17 Au 10 Probe 1

99.89

HV 11

1

Average
*Normalized
Average
HV 11

2

Gold 2 Image Probe 3

Grain with Cu

3

HV 11

Gold 3 Image Probe 2

HV11

4

HV 19

1

HV 18 Au 1 Probe 1 of 7

HV 19

2

Average

95

91.54

8.46

95.78

4.22

0.89

96.2

3.8

99.64

0.36

95.86

4.14

95.04

4.83

99.6

0.01

99.6

0.01

95.04

4.83

99.99

0.01

95.16

4.84

84.26

15.74
79.39

20.46

84.26

15.74

79.39

20.46

84.26

15.74

79.51

20.49

97.75

2.25
97.96

1.91

97.75

2.25

97.96

1.91

97.75

2.25

98.09

1.91

92.34

7.6

92.34

7.6

92.4

7.6

91.29

8.71

89.93

10.07

94

6

100

0

100

0

89.93

10.07

100

0

89.93

10.07

85.32

14.68

85.32

14.68

HV 18 Au 2 Probe 2 of 5
HV 18 Au 2 Probe 3 of 5

5.66

99.11

HV 18 Au Ag 1 Probe 3 of 7
Average
*Normalized
Average

94.34

3.77

Gold 4 Probe 1

Average
*Normalized
Average
Sample Area 11
Average

1.78

95.53

Gold 3 Image Probe 5

Average
*Normalized
Average

98.22

0.88

Gold 2 Image Probe 2
Average
*Normalized
Average

2.07

97.78

Gold 1 Core Probe 1
Gold 1 Rim Probe 2

95.2

0.11

New 17 Au 10 Probe 2
Average
*Normalized
Average
Sample Area 17
Average

Core
Ag%

1.26

New 17 Au 8 Probe 2
New 17 Au 8 Probe 1a

Core
Au%

100

0

100

0

*Normalized
Average
Sample Area 19
Average

100

Location

Grain
#

HV 18

1

Name of Sample
HV 19 Au Rim Probe 1 of 8
HV 19 Au 1 probe 4 of 8

Rim Au%

0
Rim
Ag%

100

0

98.84

1.16

HV 19 Au 1 probe 8 of 8
Average
*Normalized
Average
HV 18

2

HV 19 AU 2 Au Probe 2 of 5
Rim

HV 18

New HV 18a Gold Probe 2

5

New HV 18a Gold Probe 3

6

7

1.89

99.42

0.58

98.01

1.99

98.3

1.7
99.79

0.21

99.79

0.21

94.69

3.96

95.99

4.01

94.95

3.57

96.38

3.62

96.45

2.16

97.81

2.19

95.36

3.35

96.61

3.39

95.91

2.83

97.13

2.87
8.93

1.7

New HV 18a Gold Probe 4

New HV 18a Gold Probe 5

8

New HV 18a Gold Probe 6

90.28
91

9

9

New HV 18a Gold Probe 7

89.47

9.42

90.47

9.53

95.5

2.96

96.99

3.01

95.3

4.7

95.91

2.38

97.58

2.42

95.06

3.31

10

New HV 18a Au Probe 1

96.24

2.15

New HV 18a Au Probe 3

Average
*Normalized
Average
HV 18

11

New HV 18a Au Probe 7

97.81

2.19

97.81

2.19

95.13

3.39

New HV 18a 3 Au Probe 9
Average
*Normalized
Average
HV 18

1.89

92.95

New HV 18a Gold Probe 1

4

92.95
0.58

98.3
3

12.38
Core
Ag%

99.42

HV 19 AU 2 Probe 5 of 5
Average
*Normalized
Average

87.63
Core
Au%

12

New HV 18a 3 Au Probe 14
New HV 18a 3 Au Probe 17

96

96.56

3.44

98.2

0.07

Location

Grain
#

Name of Sample

Average
*Normalized
Average
HV 18

13

New HV 18a 2 Au Probe1

Rim Au%

Rim
Ag%

Core
Au%

Core
Ag%

99.93

0.07

96.64

3.36

88.23

10.3
89.91

8.99

90.91

9.09

88.79

9.75

88.45

10.11

88.95

9.68

New HV 18a 2 Au Probe 3
Average
*Normalized
Average
HV 18

14

New HV 18a 2 Au Probe 6

89.55

10.45

90.76

7.71

New HV 18a 2 Au Probe 8
New HV 18a Au Probe 10

89.12

8.82

New HV 18a 2 Au Probe 11

90.28

8.35

New HV 18a 2 Au Probe 15
New HV 18a 2 Au Probe 17

89.07

9.78

New HV 18a 2 Au Probe 16
Average
*Normalized
Average
HV 18

15

New HV 18a 3b Au Probe 1

89.81

8.67

88.73

9.85

91.2

8.8

90.01

9.99

97.78

0
95.19

3.62

94.79

3.8

New HV 18a 3b Au Probe 5
New HV 18a 3b Au Probe 10

98.04

0

New HV 18a 3b Au Probe 11

96.99

1.58

New HV 18a 3b Au Probe 12
New HV 18a 3b Au Probe 13
Average
*Normalized
Average
HV 18

16

New HV 18a 3b Au Probe 15

97.27

0.46

97.52

0.51

94.99

3.71

99.48

0.52

96.24

3.76

96.71

0.57
93.66

4.94

New HV 18a 3b Au Probe 17
Average
*Normalized
Average
Sample Area 18
Average

99.41

0.59

94.99

5.01

96.85

3.15

95.5

4.5

*Normalized Average of mass of the grains: example 96.71-0.57=
96.14/96.71=0.9941*100= 99.41%
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APPENDIX D
MAP OF MINERAL AND ORE DEPOSITS OF
GOLD AND LIMESTONE
SAN BERNARDINO MOUNTAINS

98

REFERENCES
Boyle, R.W., 1979, The Geochemistry of Gold and its Deposits; Geological
Survey of Canada, Bulletin 280, 584 p.
Brown, H.J., 1987, Geological Setting of the Lucerne Valley limestone mining
district, and overview of the Pluess-Stauffer mining operation, Lucerne
Valley, California, in Pierce, W., ed., 21st Annual Industrial Minerals
Conference Proceedings: Arizona Bureau of Mines Special Report 4, 4454 p.
Brown, H.J., 1991, Stratigraphy and Paleogeographic Setting of Paleozoic Rocks
in the San Bernardino Mountains, California; in Cooper, J.D., and Stevens,
C.H., eds., Paleozoic Paleogeography of the Western United States-II:
Pacific Section SEPM, Vol6, 193-201 p.
Brown, H.J., 1994, Geology, Genesis, and Mining of High Brightness, High Purity
Limestone Deposits At Pluess-Staufer (California) Inc. Lucerne Valley
California Operation, Littleton: Society for Mining, Metallurgy, and
Exploration, Inc. 1-4p.
California Digital Newspaper Collection, Daily Alta California, Vol. 12, Number
238, 27 August 1860, http://cdnc.ucr.edu/cgibin/cdnc?a=d&d=DAC18600827.2.15&e=-------en--20--1--txt-txIN------#
(accessed March 5, 2014)

99

Cameron, C.S., 1981, Geology of the Sugarloaf and Delmar Mountain areas, San
Bernardino Mountains, California: Cambridge, Massachusetts Institute of
Technology, Ph.D. Thesis, 399 p.
Campbell, W.L., Nowland, G.A. and Antweiler, J.C., 1982, Analytical data for gold
in geological materials from the Butte 1°x 2° quadrangle, Montana. U.S.
Geological Survey Open-File Report OF-82-0598, 63 p.
Cooper, J.D., and Stevens, C.H., eds., 1991, Stratigraphy and Paleogeographic
Setting of Paleozoic Rocks in the San Bernardino Mountains, California; in
Paleozoic Paleogeography of the Western United State-II Pacific Section
SEPM, Vol 6, 193-207 p.
Demir, Tuncer, 2000, The Influence of Particle Shape on Bedload Transport in
Coarse-Bed River Channels, Ph. D. Thesis, University of Durham, 366 p.
Dibblee, T.W. Jr., 1964, Geologic Map of the Lucerne Valley Quadrangle San
Bernardino County, California, Department of the Interior United States
Geological Survey, The California Division of Mines and Geology,
Miscellaneous Geologic Investigations Map I-426, 1-7 p.
Dilabio, R.N.W., 1991, Classification And Interpretation Of The Shapes and
Surface Textures of Gold Grains From Till, Geological Survey of Canada,
Glsements alluviaux d’or, La Paz, 1-5 Juin 297-317 p.
Ely, M.F. II, 1982, Blackhawk gold mines, Big Bear city quadrangle, San
Bernardino County, California, in Fife, D.L. and Minch, J.A. (eds.),

100

Geology and Mineral Wealth of the California Transverse Ranges, South
Coast Geological Society, 469-476 p.
Fife, Don, The West’s Largest Calcium Carbonate Producer: Lucerne Valley
Limestone Province, Southern California,
http://www.lucernevalley.net/history/mining.htm (accessed May 30, 2012)
Gray, C.H, Jr., 1960, Tabulated list of mines and mineral deposits in an area of
the San Bernardino Mountains north of Big Bear Lake, San Bernardino
County, California, in Richmond, J.F., Geology of the San Bernardino
Mountains north of Big Bear Lake, California: California Div. Mines Spec.
Rept. 65, 59-68 p.
Guillou, R.B., 1953, Geology of the Johnston Grade area, San Bernardino
County, California: California Div. Mines Spec. Rept. 31, 18 p.
Harden, Deborah R., 2004, California Geology. Upper Saddle River: Pearson
Education, Inc., 384 p., 387 p.,425 p., 428-429 p., 448 p., 452 p., 483-499
p.
Ingram, Scott, 2002, California: The Golden State. Gareth Stevens, 21 p.
Kamenov, G.D., Melchiorre, E.B., Ricker, F.N., and DeWitt, E., 2013, Insights
from Pb Isotopes for Native Gold Foration During Hypogene and
Supergene Processes at Rich Hill, Arizona: Economic Geology, V. 108, p.
1577-1589.
Koshman, P.N., Yugay, T.A., 1972, The Causes of Variation in Fineness Levels
of Gold Placers, Geochemistry International, Vol.9, No.3, 481-484 p.

101

Lindgren, W., 1911, Tertiary Gravels of the Sierra Nevada of California: US
Geological Survey, Professional Paper 78.
Loen, S. Jefferey, 1995, Use of Placer Gold Characteristics to Locate Bedrock
Gold Mineralization. Exploration Mining Geology, Vol. 4, No.4, 335-339 p.
Luyendyk, B.P., Kamerling, M.J., Terres, R.R.,Hornafius, S.J., 1985, Simple
Shear of Southern California During Neogene Time Suggested by
Paleomagnetic Declinations, Journal of Geophysical Research, Vol. 90,
NO. B14, 12,454-12,466 p.
Mann, J. William, 2003, Guide to the Beautiful and Historic Lucerne Valley and
Vicinity, Barstow: Shortfuse Publishing Co., Vol. 5, 60 p.
Mann, J. William, 2005, Guide to The Big Bear Area and It’s Hidden Treasures,
Barstow: Shortfuse Publishing Co., Vol. 6, 22 p.
Matti, J.C., Morton, D.M., 2000, Geology of the San Bernardino National Forest,
Geologic Setting, San Bernardino National Forest, U.S. Geological
Survey,
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5207093.pdf
(accessed May 30, 2012)
Maya Rohr, Federal Register Notice of Intent; Omya Sentinel and ButterfieldQuarries Expansion Project Vol. 78, No. 40/ Thursday, February 28,
2013/Notices
http://a123.g.akamai.net/7/123/11558/abc123/forestservic.download.akam

102

ai.com/11558/www/nepa/69032_FSPLT2_382187.pdf (accessed
November 5, 2013)
May, S.R., and Repenning, C.A., 1982, New evidence for the age of the Old
Woman Sandstone, Mojave Desert California, in Late Cenozoic
stratigraphy and structure of the San Bernardino Mountains: Geological
Society of America Field Trip, Cordilleran Section, 78th Annual Meeting,
Anaheim, California
Miller, F.K., Matti, J.C., Brown, H.J., and Powell, R.E., 1998, Geologic Map of the
Fawnskin 7.5’ Quadrangle, San Bernardino County, California: U.S.
Geological Survey Open File Report 98-579, 1998 version 1.1, scale
1:24,000, 1 sheet, 18 p.
Niemi, Ryan, TopoQuest, USGS Topographic Map Of The Fawnskin 7.5’
Quadrangle, San Bernardino County, California,
http://www.topoquest.com (Accessed May 9, 2014)
Pierce, W., ed., 1987, Geological Setting of the Lucerne Valley limestone mining
district, and overview of the Pluess-Staufer mining operation, Lucerne
Valley, California, 21st Annual Industrial Minerals Conference
Proceedings: Arizona Bureau of Mines Special Report 4, 44-54 p.
Reith, F., Fairbrother, L., Nolze, G., Wilhelmi, O., Clode, P.L., Gregg, A.,
Parsons, J.E., Wakelin, S.A., Pring, A., Hough, R., Southam, G., Brugger,
J., 2010, Nanoparticle Factories: Biofilms Hold Key to Gold Dispersion and
Nugget Formation: Geology, V. 38, 843-846 p.

103

Richmond, J.F., 1960, Geology of the San Bernardino Mountains north of Big
Bear Lake, California: California Div. Mines Spec. Rept. 65, 68 p.
Robinson, John W., 1977, Mines of the San Bernardinos: Glendale, Ca, Box 406,
La Siesta Press, 17-36 p.
Santa Monica, City of., 2002, Santa Monica Airport Park Draft Environmental
Impact Report (SCH No. 2001081096)
Silver, L.T., 1971, Problems of crystalline rocks of the Transverse Ranges:
Geological Society of America Abstracts with Programs, Vol.3, No.2, 193194 p.
Stewart, J.H., and Poole, F.G., 1975, Extension of the Cordilleran
miogeosynclinal belt to the San Andreas fault, southern California:
Geological Society of America Bulletin, vol. 86, 205-212 p.
Taylor, Gary C., 1994, Mineral Land Classification Of A Part Of Southwestern
San Bernardino County: The Big Bear Lake-Lucerne Valley Area,
California. California: Department of Conservation, Division of Mines and
Geology, Open-File report 94-06, 39-40 p., 51 p., 53-54 p.
Transverse Ranges, Wikipedia, http://en.wikipedia.org/wiki/Transverse_Ranges
(accessed May 29, 2012)
USGS Spatial Data, Mineral Resources Data System,
http://mrdata.usgs.gov/mrds (accessed April 15, 2011)

104

Vaughan, F.E., 1922, Geology of the San Bernardino Mountains north of San
Gorgonio Pass [California]: California Univ. Dept. Geol. Sci. Bull., v. 13,
no.9, 319-411 p.
Wattenbarger, A.C., 1989, Base and precious metal mineralization in the
Blackhawk Mining District, San Bernardino County, California, M.S. thesis,
University of California Riverside, 5 p., 136 p.
Wright, L.A., Stewart, R.M., Gray, T.E., Jr., and Hazenbush, G.C., 1953, Mines
and mineral deposits of San Bernardino County, California: California
Jour. Mines and Geology, Vol. 49, Nos.1 and 2, 49-257 p., with tabulated
list, 192 p.

105

.

	
  

